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Introduction 


| The main object of the present work on "Wi deo-kupli| 
fiers" is to collect the data on the subject matter available | 
| at the present time and to present it in a compact form. So, 
Rar is collected from various journals and text books and 

an attempt is made to compile this data in a logical and in- 
| structive manner. a Pe oe pee aos ee Fe 

the theme is the process of reproduction of pictures 

‘in television system. In chapter II a short outline of the 
working of a television system is presented. Emphasis is 
placed on the production of video signal (the picture signal) 
and the construction and working of elements that go towards 
‘it. In chapters III and IV the video signal,(camera signal 
plus blanking and sync. pulses) is discussed and relative func- 
tions of D.C. and A.C. components of the camera signal are 
ARRAY pointed out. 

In the case of television at work, generally some stan- 
dard waveforms are used for comparison purposes. In order to 
clarify the utilization of these standard waveforms, for wave- 
 eecrm distortion purposes, they are analysed briefly. At the 
‘same time, the most useful response analysis (transient re- 
“sponse analysis) is discussed. it is found tobe useful in 
Comparing all possible, periodic or non-periodic, output wave- 
forms of the television system. 
| | 


In the next three chapters, the problem of video | 


names _amplification is considcred. As will be seen from the discussion — 
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a problem of video amplification is divided into two steps, 

| HF. and L.F. considerations. So the first two chapters, deal 
l with the H.F. and L.F. considerations separately. In these 
(chapters, the elements that disturb the response at the frequen- 
cies under consideration, and the circuits that improve the re- 
“sponse, are discussed. In the last chapter, the two, H.F. and 
‘LF. considerations are considered together and discussed. The 
effect of combining the H.F. and L.F. compensation in arbitrary 
| S4ehian: is brought out clearly and the effective coupling is 


|pointed out. A typical video amplifier stage with all compen- 


\Sation circuits applied, is diagramatized with all the require- 


ments such as tubes, elements, and their suggested values 


‘listed in the final chapter on Findings and Conclusions. 


The field of video amplification is a vast one and 


‘more possibilities are being discovered daily. Consequently, | 
| | 


| 
| | 


this paper can only hope to skim the surface of the tremendous 


jing. 
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proportions of a video amplifier, its actual design and function- 
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Chapter Teeo 


"The Television & Its Working" 


Television is a system which produces moving visual images 
by the transmission of electrical impulses,These electrical imp- 
ulses produced by the scanning process and sent over the communi: 
cation channel to the receiver tube are called video impulses or 
signal.(Video meaning "I see").This video signal band which en- 
ables the reproduction of a picture has a range from 60Cep.Se to 
4meCoPeSeThe reproduction improves in detail as the upper limit 
of the band width is extended.This will be seen from the analysis 
of the video-signal. 

A television set consists mainly of a transmission unit, 
a op UR chamnel and a receiver set.lhe transmission unit 
consists of a sound system and a picture transmitter.Both of thege 
subunits of the transmission unit are separated from eachother, 
Even then common antennae may be employed for the two subunits aft 
the transmitter.(so also at the receiver .Besides a common r-f- 
amplifier and ist detector may be used in the receiver.) 
A picture transmitter consists of a camera tube with its 
synchronization circuits to generate the video signal,video cht 
| 


iers,r-f-amplifiers,a modulator ,U.H.F.carrier source and a rad: 


ator.While the receiver set kconsists of an nf amplifier or deteas>: 
or,video: amplifiers ,picture tube(Kinescope as £t is popularly 
known) with its synchronization circuits,scanning generators and 


power supplies 
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The block diagram of the complete television system 
shown in figure I 
Index to Figure I 


I) Lens portionof "camera" 

2) Line amplifier 

5) Modulating amplifier 

4) Modulated r.f.amplifier 

5) Picture transmitting antennae 
60 R.F.carrier source 

7) Scanning & sync.auxiliaries 
8) Monitor amplifier 

9) Monitor picture tube 
I0)Microphone 

II) Line amplifier 

I2) Modulating amplifier 

I3) Modulating r.f. amplifier 
I4) Sound transmitting antenna 
I5) R.Fecarrier source 

I6é) Monitor amplfier 

I7) Monitor loud speaker 

I8) Picture sound receiving antenna 
19) RoF. & I.F.amplifiers 
20) ricture demodulator 
2£) Video amplifier 

28) Picture tube 

23) Syne & scanning auxiliaries 
249 Sound modulator 

25) Audio amplifier 

26) Loud speaker. 


us 


The elementd of the television transmitter that go tp- 


wards the production of video signal ares 


i) the camera with its accessories to produce the ca- 
mere signal 
ii) the synchronization signal generator to supply the 
syne & blanking pulses 
iii) the control amplifier that combines the camera g 
with the syne & blanking pulses to produce the vi- 
deo signal 


The main constituents of a camera tube are the camera lens 


which enables the focussing of the picture on the photo-sensi-+ 
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tive plate, and a “pre-amplifier. fhe pre-amplifier raises thel 
camera signal level to about 0.1 volt peak-to-peak thereby its 
transmission over the cable can be carried out without inter- 
ference. (This pre-amplifier has a gain of about 1,000 with 

_ low output impedance.) Besides this, there are one or more 

| scanning generators or amplifiers. “he camera signal is then, 
fed to the monitoring amplifier which raises part of it to the 


monitoring level and a part of it is raised to the level just 


sufficient to supply the signal to the co-axial cable connect- 


ing the monitor to the transmitter. “*he other part is sup- 
plied to the modulating amplifier and is raised to such a level 
that it can be used to modulate the transmitter. 


Classification of present day camera tubes: 


1) Iconoscope 
/ 2 iy | kmage Orthicon 


| of ‘Image Iconoscope (Iconotron or Reso cunit eeu) 
4) Image dissector 

fhe first three tubes work on the principle of the storage, 
the effect of the incident light being stored as a charge. 
the luminous sensitivity of the storage-type devices is 10,000 
| to 100900 times that of the instantaneous type devices, depen- 
| ding upon the storage and photo-electric efficiencies and the 

number of picture elements produced, 

Among the storage type tubes, Iconoscope is the most 
widely used although the Image-orthieonhas higher sensitivity 
and on the whole is « better camera tube. iJts working and 

construction is more or less identical to that of the Iconos- 
cope. “he image dissector tube belongs to the instantaneous 


_type of tube and uses the light available at the time of scan-_ 
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ning. It is generally used in televising motion picture film | 


| 


where the light source is brilliant and highly concentrated. 


Here, Iconoscope will be discussed in detail. 


_Iconoscope ~ its Construction and function 


The mosaic consists of a mica-sheet coated with 
photo-sensitized silver on one side and the reverse side is of 
graphite. The image is focussed on the mosaic so some elec- 
trons are released from it. The mosaic is, therefore, posi« 
tively charged; the charge-distribution at a point corresponds 


to the distribution of light in the image. As the silver 


| globules are insulated from one another, the charge-redistribu- 


tion is prevented. So the charge increases in magnitude as 
long as light strikes the mosaic. 
+he beam from the electron gun scans the mosaic 


producing secondary electrons. Some of these secondaries go 


back to the mosaic while the others are collected by the col- 


lector electrode as shown. So a current is generated in the 


associated circuit and it is a function of the brightness of 


the points that are scanned. (This secondary emission is small 


for brightly illuminated portion of the mosaic and vice-versa), 
As is clear from the diagram, the series circuit 


through which a current passes, consists of an ohmic resistor 


of the secondary emission path, the coupling resistor and the 


capacitance between the graphite side of the mosaic and the group 


of silver globules under the scanning spot. The D.C. component 


-of this current is not passed through this capacity therefore, 


the output is mainly the A.C. component of the camera signal. 
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In practice D.C. is generally introduced from a manually Wierhuey 
device or a photo tube in series with the camera output. 

some of the secondaries that go back to the mosaic affect the 
charge distribution .If this charge is scanned a spurious signal 
known as "Dark Spot Signal",is produced,.This signal produces une 
enness in the background shading of the reproduction,so it needs 
elimination.So a shading correction generator is used.Besides thils 
"Key Stone" effect is also a serious factor in the case of Icono 
scopeeIt is due the angle of the beam with the plate.(In Image Or- 
hicon the low velocity electrons used ,eleminate the"Dar Spo 


t 
out more than those in the topline. 
Signal".)(It is that in which lower line pisture elements are spread | 


The sensitivity of present day Iconoscopes under optim 
onditions varies from Imeve per sqecme illumination of the mosai 
t low illuminatiom to 0.25m.veat high illumination. 


(Image Orthicon sensitivity <2m.v.per milli-lumen per sqeem. 
pn the mosaic,(Theoretical sensitivity I0m.v.)) 
The relation between the input and output illumination of 


the Iconoscope camera tubes is represented by: 


r 
Bs By where B,=inpyt illumination 
Boz eutput illumination 
k =scale relation between input & output 
r-=-the exponent ,describing the characterist 
curvature 
(For Image Orthicon r - I) 
(The keystone effect is corrected by the use of a horizontal sca 
nning generator producing a larger deflecting force at the base 
than at the top of the picture.) 


In the first stage of the pre-amplifier, an effective 
coupling resistance of 500,000QNwith a shunt capacity of Suut 


gives the required high signal to noise ratio. fhis 
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combination has a very poor H.!. response, so to correct this, 
a bifiliar winding Lo is included in the third stage. The 
a and third are video amplifiers, with a flat response 
to 5 mseCapsSe fhe output is a cathode coupled stage with 


low impedance enabling it to be matched with the coaxial cable 


|used to join the pre-amplifier to the control amplifier. 


the Synchronization Signal Generator: 
it has three units for three distinct performances 
| 3 the timing unit 
ii) the horizontal shaping unit 
iii) the vertical shaping unit 


The sync. pulses that are applied to the camera sig-. 


_ nal need to be shaped and timed properly in order that the re- 
| production be perfect. The timing of the sync. pulses is | 
| handled by the timing unit while the shaping is undertaken by 
the vertical and horizontal shaping units. The output of the 


timing unit consists of two distinct pulses, one at 60 c.p.s. 


| and the other at 175,750 c.p.s.(R.M.A. video signal.) These 


_two pulses are made synchronous with each other and with the 


| power system frequency by the process of frequency multiplica- 


“tion and division. 
} 
| The 15,750 c.ep.s. timed pulses are supplied to the 


horizontal shaping unit, which divides it into several wafeforms 


i} 
| 


as required for the R.M.A. standard signal. This horizontal 
shaping unit consists of three chains of tubes, each producing 

| sve lmateee of different frequencies. +he upper chain produces 

sync-pulses at 15,750 C-p.S. while the remaining two chains 

_ produce sync-pulses at 51,560 c.p.s. continuously. The succes- 
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Sive tubes in the chains are used to shape the pulses and to 
obtain the required steepness. These three pulses from three 


chains are interspersed and after being amplified by the re- 


maining stages of the unit are fed to the mixing amplifier. 


The other output of the timing unit is fed to the 


vertical shaping unit, which produces keying signals at 60c.p.s. 


| Besides the keying signals, two types of blanking signals are 


obtained from this unit, during the retrace. period. 

Two types ot blanking Signais: 
1) me tor composite video-signal-horizontal and vertical 
waves at 15,750 C.p.S. 


ii) Second for the control of the scanning beam in the camera 


| tube - vettical and horizontal waves at 60c.p.s. 


The keying signais produced by the vextical shaping 
unit are supplied to the screen grids of the keying tubes in 
the horizontal shaping units. thus the passage of the horizon- 
tal syne pulses is controlled. 


Mixing Amplifier: 
All the pulses - camera pulses, sync. pulses, both ver- 


tical and horizontal, and blanking signals - are supplied to 


the input terminals of this amplifier. ‘The camera and blanking 


| signals are mixed first by means of two amplifiers, feeding 


& common load-resistor across which sync. pulses are applied. 
The D.C. component of the video signal so formed, is control- 
led by the voltage on the blanking signal tube. 

The combination of the sync. pulses applied to a com- 


mon load resistor mentioned above, and the first two pulses, 
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Diagram 6 
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C Television Simplifiect — ive x. ) 
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is carried in two stages ,with a common load resistor,If the bids ACO 


across these tubes of these stages is maintain-ed at aproper va 
lue,the 75to25% relationship between the camera & syncepulses! 
amplitudes required by the std. video signal,is obtained, 
Shade Correction Generator: 
This produces pulaes at 60c .ps&15,750c —p.s.These pulses 
are synchronous with the scannimg motion & have cotrolled ampl 
tudes,phases and polarities.These pulses are supplied to the aa ej 
amplifier in order to avoid the"Dark Spot Signal!,present in fa 
Iconoscope. | 
R=-F-Amplifier : : 
The function of ther.f.amplifier is threefold,.It prdducds 
greater amplification of the signal in a portion of the set sha e 
the signalis at its lowest value.(This extra amplification is a 
deciding factor in the noisy locations,)Secondly it provides gre 
ater discrimination against signals inthe adjacent bands,particularly 
applicable for image frequencies.Finally a properly designed k.F. 
stage eliminates any interference that may be in the tubes themselves. 
Theseinternal disturbances appear as white spots ,in a televisi 
system,if the r.f.amplifier is absent. 
A typical television r.f.amplifier is shown in the diagram 
_ Communication Channel: 
The video signal from the mixing amplifier is carried 
along the communication channel to the receiver tube.In the mo 
unicetion chammel to the receiver tube.In the eommunication channel 
it is amplified & modulated to satisfy the req-uirements The PS, 


|consists of a chain of video- amp e=rg,radio a rrr 
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This re-amplified and modulated video signal is sup- 


‘plied to the receiver tube scanning spot which traverses the | 


“sereen in a manner synehronous to that of spot at the transmit- 
i ; | 


I \ 
|ting end. The structure of a typical receiver tube , kinescope,]| 
i \| 


is shown in the diagram. 


| 


} 
| 
| 


| 
it 


The pieture tubes of the receiver are classified into 


three categories, depending upon: 


a) 


b) 


c ) 


|The electron gun of the picture tube requires a power supply | 


|to produce the necessary electron beam for scanning purposes, 


‘This power 


} 
| 
1} 
} 


i) 


tt) 


i} 


‘The Scanning Process and its Related Terms; | 


bi 


are produced and consists of the periodically repeated path of 


the type of focusing - electromagnetie - used in 
the electron gun, 


the type of deflection - electrostatic 


the type of fluorescent coating and the color of 
emitted light. 


supply may be either: | 


High voltage sources for the first and second anodes | 
that draw electrons from the gun and focus the beam 
(electrostatically focused tubes) 


Heater current source for the cathode of the electron. 
gun. ! 
Focusing coil current source for magnetostatically 
focused tubes, 


eee ae ncaa 


t is the process by means of which camera signals 


the scanning spot, the electron beam, until the complete picture 


is covered, The electric signal, supplied to control the beam 


density is such that it indicates the brightness of a pint of 


‘the picture at the position of the beam. The scanning pattern 
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| E the point starts moving along the red lines until the point | 


ean have any form, most generally used being a set of parallel | 


| lines. Sometimes interlaced scanning is used with advantage 


to avoid flicker in the reproduction. 
The interlaced scanning consists in the motion of the 


spot in two series of lines, alternately passing downwards as 


shown. The scanning spot starts at A and goes along tlhe blue 


lines to D; the retrace from points like B to points like C is 


|brought about by the blanking signal. When D is reached, blank- 


ing signals are applied and the point is brought to E. From 


} 
F is reached and the picture is completely scanned. The dotted | 


lines represent the inactive lines as they do not go towards 
| the reproduction at all. While the blue and red lines are 


| called "the active lines", 


The number of these active lines in a scanning pat- 


| tern is given by the formula: 


n = n Where n = no. of lines per frame 
aad k = vettical retrace ratio 


upward scanning velocity 


downward scanning velocity 


Similarly, the horizontal retrace ratio (k, ) is defined as: 


4 = backward scanning velocity 


forward scanning velocity 
The values of k, and k, vary from 7 to 10 and 10 to 15 respec- 
tively. ( R.M.A..) Standards are : i 7 lower limit 
ky = 12 lower limit 


Vertical Resolution of a Scanning Pattern (rr): 


It is defined as the number of picture elements that 


| can be accommodated in the vertical height of the picture area, 


—-=—- == — ——-- = — + 


( Reference: Neos 5 & 4) 
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As seen above, every active line is capable of reproduction but 


= — a 


sometimes it may happen that the picture elements do not fall 


| directly on the scanning lines. So the number of active picture 


than the number of active lines. 


Therefore the vertical resolution (%Jis given as: 


Yu: kn. elements per picture heights. 


! where k utilization factor 
] = 0.6 to 0-9 
nm. < 8O. of active lines, 


ti 


a 


| (In properly operated equipment *,-400 is commonly 
| reached). 


Horizontal Resolution of Scanning Pattern (nr) : 

It is the number of picture elements that can be ac- 
_ commodated in the horizontal direction in the width (w) of 
the picture. The horizontal resolution (u, ) depends upon the 
electrical performance of the télevision system in reproducing 
the rapid changes of voltage whereby the reproducing spot 


| changes its brilliancy as it moves along each line. In terms 


elements that can be accommodated in a vertical direction is less 


of maximum frequency (f max.) of the video signal band considered 


the horizontal resolution (x) is given as: 


Dips e4f max. elements per picture width 


£ is in mega-cycles, assuming the rate of 50 frames 


maX and 525 lines. (For 441 lines 7,=100f,,,.) sec. 


The ratio (m) of the resolutions in two directions: 


| ms Thyr, = 84 brow. /kna | 
| m need not be a unity necessarily. At present m is 
taken to be equal to 0.95 depending upon the max. frequency of 


_ the video signal for _ ee 4:0 m.c.p.s,. 


¢ Reference : No. 34,5) 
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mMme= 0-926. 
gives a good reproduction. 


Aspect Ratio of the Scanning Pattern: 
It is defined as the ratio of the width (w) to the 
height (h) of the rectangle, actively employed in the reproduc-. 


tien and eives.a perfect réproduction if it equals 4:3. .. for 
satisfactory reproduction: whe 4:3 
(Adopted by F.C.C. for commercial television in 


July 1941). 
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* Std. Video Signal , showing Blancking & Synctranizalton 
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of Television Engineering _ DG: Fink.) 
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Blanking period. = 1S % of WH. 


©-15H. 
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Horizontal Sync sec pulse perod > © O88 H. 


The 


ach've period cot ¥e pre duchon atte 0-35 H. 


Chapter III a. General, Discussion of Video Signal 


As seen in the previous discussion, the output of 
the mixing amplifier is the video signal and suoplies the opti- 
cal information of the picture in thestudio. This video signal 
has frequencies ranging from as low as 20 c.p.s. to as high as 
4 m.c.p.s. At present the upper limit of the video frequency 
range in television work is taken as 4 m.c.p.s. As the width 
lor the signal is extended, the reproduction is improved consid- 
erably. The lower the low frequency of the band, the better 
is the background of the picture while the greater the increase 


in the upper frequency, the more improved is the subject in 


detail. 
| General form of the video signal is shown in the 
diagram. 

+ " The polarity of the signal (video) is a very impor- 


tant factor as it determines the tones or colours of the re- 
production. A receiver, designed for positive transmission of 
the picture (ie. in which the signal amplitude increases with 
the brilliancy of the picture), if used to view negative polar- 
ity transmission produces a picture like a photographic nega- 
tive. After long experimentation, the nega ive transmission, 
(ie, in which the signal amplitude decreases with increasing 
Sarda Lehane of the picture) is preferred to positive transmission. 
the reason is that for negative transmission, if the signal 


) level is raised, the signal enters the infra-black level further 
———— = === = —= —— SEE — —_ _ —_ SS _ == —_—_—_ === =—!2 ++ 
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d further, and black dots or lines appear in the picture. 


these black dots, as compared to white dots, that are present 
lin the case of positive transmission are less conspicuous. (It 
is quite probable that interference may produce a drop in the 
Signal level but the probability of the fall is very small as 
compared to that of the increase.) 

The video signal diagram clearly shows that white 
tones or colors of the picture are produced by small amplitudes 
weave successive higher amplitudes give deeper grey shades. 
When the amplitude reaches the black level the light is com- 
pletely cut off. This black level is maintained constant du- 
ring the transmission of video signal, its value being 75 to 
80% of the maximum amplitude in the signal. 


Beyond the black level is the infra-black region, 


‘Blanking sigrals. +t is obvious that the reproduction is not 


possible as long as the signal amplitude is in the +tnfra-black 
‘region. So the picture reproduction is carried on as long as 

| the camera Signal amplitudes are less than the black level. 
From the diagram it is clear that the blanking pulses 
lare applied during the interval that the scanning beam is going 
to the beginning of the next line after having completed the 
er ou ere line. Generally, the amplitude of this blanking sig- 
nal corresponds to black, sometimes blacker than black level. 
‘thus no reproduction is carried out during the planking inter- 
val. 


pte the beckering. et thenb avi ng. pexied:, the, ampli- 


‘This region is utilized in the application of synchronization and 
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tude of the signal is extended momentarily into the infra- 


|“ plack region by the application of horizontal sync. pulses. 


| At the completion of the sync. pulses, the signal femains’ above 


the black level until the end of the blanking period. At the 


|end of this period, the camera gains control over the signal 

and the scenning of the next line starts. (This process is re- 
peated until 289 1/2 lines are scanned in which time the pic- | 
_ ture is scanned completely.) | 
| eeeeeeiiot Wis Giauking period is wainteined sligntiy| 
omens than the time reouired to complete the retracing of | 
the scanning beam as it helps in obtaining more reliable hori-. 


'gzontal seanning. The width df the reproduction is slightly 


| reduced because of longer than necessary blanking period but 
\it is easily remedied by increasing the amplitude of the 


| 
| / 
} 


“horizontal scanning current or voltage. (The second reason for. 


the maintainance of longer than necessary blanking periods is 


the difficulty in mass production of scanning generators with 


retrace ratio 631). 


During :the nétrace, of the? beam, by: thé .syhe.pyl dés, the vertical 


‘sync. pulses are applied to the camera signal. the period of | 
i 
‘these sync. pulses should be never less than 7@V&greater than 
(10@V .( Vert blanking is 7-10%.There are 6vert.syncpulses,total times3h) 
\ where V = vertical field, scanning interval 

| ef. 3) seq! 


t +' 60 
Besides the two types of sync. pulses, equalisation 
| 
‘pulses are epplied to the blanking level. the restrictions of 
_ the vertical blanking period are such that it should end at 


| | 
« —_least_after 8 vertical _sync.—pulses_are_sent—ani_the latest— 2 
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after 13 horizontal sync. pulses are sent. the video signal 


with all the pulses and the periods mentioned above is shown 


in the diagrams. 
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scope as the scanning proceeds are called the camera signal 


working of a television system the camera signal should fulfill 


the following requirements: 


lines of the image.) 
pect or D.C. component of the camera signal as against the A.C. 
deperture of the brightness of each element from the average 

‘black level is maintained fixed during the transmission ,in the 


ture tube, the D.C. can be made independent of A.C. regardless 


of wa@eform changes. 


Chapter IV ... Analysis of Camera Signal 
| | 
The electrical pulses that are produced by the Icono- 


_and they are thedetermining factors in the design of television 


equipment, this of video amplifiers. For a smooth and proper 


a) Its amplitude at any instant should furnish the infor-. 
mation concerning the brightness of the picture element at 
that instant. 

b) Its average value should correspond to the average ilu- 


mination of the scene. (the average being taken over all the 


fhis average value represents the steady statte as- 


} 
component. The qa.C. component gives the information of the 


value, while p.C. supplies the background information. As the 


modulated carrier wave and also at the control grid of the pic- 


D.C. Component: 


D.C. = Average of the camera signal 
Frame Scanning Interval 


From the diagram it is clear that the brightness of 
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| as:Z\ B = amplitude of the subtracted D.C. 


image. 


| brightness contrast of the image. 


average level of its picture signal. 


serves the purpose best. 


the sync. pulses can be considered as a reference level, 


camera signal keeping the A.C. component unchanged but shifted 
} 


downwards, the brightness is improved. (negative transmission 


being considered.) The change in brightness (CSB) is given 


This brightness increment is generally accompanied 
by the reduction in the apparent brightness esestrast of the 
Conversely for added D.C. component, the reduction in | 


brightness is accompanied by the increase in the apparent 


As seen in the discussion of Iconoscope, the output | 
of the camefa is devoid of D.C. component, so it requires to 
be fed externally with the D.C. component. There are three 
methods of insertion; 


i) Addition of a voltage to the transmission circuit 
from a manually operated source of direct voltage. 


ii) By the use of some types of image dissector tubes. 
Fainsworth Image Dissector automatically produces a D.C. com- 


ponent in the output. 


iii)Use of a photo tube with Iconoscope to control the 


The insertion of a D.C. means the establishment of 


a level in the video signal in spite of the changes in the / 


camera signal. So some level requires to be fixed as a refer- 


ence. the blanking level which is fixed during transmission | 


Sometimes the level of the tips of | 


+hese 


levels, blanking levels and sync pulse tips’ level, are main- 


tained fixed b 


- eons 22 se = = “= === ee a 
For example, if the D.C. component is substracted from the 


_a video signal through a rectifier and _ 
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ue of the signal. The rectification is generally carried be- 
(oes modulation in the modulating amplifier grid circuit there- 


| by the constancy of the blanking level or sync pulse tip level 


-is imsured. ‘the final rectification is carried out in the 
/last video amplifier, thus a constant bias is maintained on 


the picture tube control circuit. The voltage developed in 


the load circuit associated with the rectifier above, serves as 


the D.§. portion of the signal. Once the level is fixed and 


established the variations of the average of the signal wave 
from this established level serve as the indication of the de-| 


sired picture brightness and also of the changes required in 


| the picture.(vost scenes don®t utilize the full contrast range,discussed) 


"A.C. Component of the Camera Signal"; 
| It is due to the rapid changes in the voltage or current, 


corresponding to the brightness of the adjacent spots of a 


picture. If the reproduction is required to be undistorted, 


the A.C. of the camera signal should be trensmitted undistorted. 
Besides this, the signal at the end of the transmitting cir- 
cuit, should have zero level, the level giving the maximum 


brightness, and the black level at which the light is complete- 


ly cut off. 


the requirements are fulfilled by: 


a) the adjustment of the D.C. component fed t6 the control 
grid of the tube 


b) adjustment of the overall amplification of the signal; 
thereby the maximum and minimum values of A.C. are made to 
lie within the white and black levels. 


y (The waveform distortions, if any, should be studied 
and remedied at every point in the system.) 


| 
| 
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"The Video Frequency Range"; 

Let the camera signal be given by E(t), during the 
“scanning of a line 

| * By Fourier analysis p4) 
+ brn Cos 2K (nfl) 
ae A. 
while the remaining terms indicate 


— ane> 
ECF) = “a +24) sin an ft +agsin Qn” ® (oft) 4 -- . +an3tn 2A 


+ b, cos ak ft + bcos 2A CoFft) + oe 


From A, D.C. = "ed 


the A.C. components having frequencies equal to the multiples 
of frequency (f); f= fundamental frequency. 


A on transformation: 


2 ; ~ -\ bo BAe NG 
ECt) = Be, Jarebt sin (anft + tan’ b, Pagans [ak Gft+ tan ba | 4 


| eae eS | eae sin [2x ies bn | Pee fis 


| * The phase of the A.C. component of frequency (f) w.r. 


Vee the origin at t=o is given by 
?, = Var ba 
= eae 


and amplitude = Jatb? 


Similarly for other components of A.C. of the camera sig- 


nal. these phases and amplitudes can be evaluated by the 
mathematical formulae for Fourier coefficients but the method 


is too complicated to be used. Instead, some simplifving 


generalizations are made. 

(From A it is clesr that for undistorted reproduction the 
relative amplitudes ane phases of all frequencies components | 
should be preserved.) 

Generalisations;: 
i) As the lower frequency limit is based on the obvious fact 
that the L.F. that must be included in the video signal to in- | 


dicate the light changes is the beginning of tne interval for 


5 =—=—==_ = —=— —$<$<$<$<$< $$$ ———$—_——————————_—_—__________— ——$$______________— — — — = — = S 
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| Fourier analysis (30 c.p.s.) 


ii) If this Fourier analysis is carried on smaller and smaller) 


| time intervals, a limit is reached. The reciprocal of this 
limit is the upper frequency limit of the video range and needs 


| inclusion in .the range. 


So if the duration of a picture element is consider-. 


ed as the interval for Fourier analysis then the upper frequen- 


the finest detail in the picture. ft bight: :é 


3 m.c.p.s. (4 m.c.p.s. at present) 


_ ture elements. the intermediate degrees of detail are taken 
| care of by intermediate frequencies. So the television system 


should be so designed that it transmits each and every compo- 


ey limit is 3 m.c.p.s. (At present it is considered as 4 M.C.D.S.) 


. - The rate of picture elements = 6,000,000 per sec. 
The upper frequency limit =_6,000,000 = 3,000,000 c.p.s. 


A Tax = >. C. pas 


’ The video frequency range is from 30 c.p.s. to 


the lower limit chosen is capable of handling the | 
light variations occuring between successive frames, while the 


upper limit handles the light changes between successive pic- 


nent frequency with no amplitude distortion, their phases be- 
ing proportional to the'frequencies involved. (From this dis-| 


| cussion it is clear that Swink is produced by the scanning of 


‘adjacent ‘dark ‘elénent 


combine to produce a cycle of the outputfrequency,’) 
| " 


_the horizontal and vertical resolution. | 


faax in terms of m ( the resolution ratio): 


Let the total number (n) of lines of thes canning 


pattern consist of(n,) active lines and let m be theratio of 
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The number of picture elements (N) in such a pattern is 


“given by: 


a picture elements 


aspect ratio 


utilization factor 


e 


the number of picture elements (n,) in each 


° ° nd 
scanned line is: ", = (2) mkn. 


Let the frame frequency (f) be 30 c.p.s. and kK and kK 


‘be 7 and 12 respectively, then the rate (R) at which the 


picture elements n, are sent out is given by: 
R = (By kmior (Cine Ant) per sec. 
= 4.054 kemint (=) Ber See: 
Consider two sq. waves being scanned at the rate R 


ola ents and having the adjacent picture elements of different 


the frequency of the sq. wave 


‘brightness re f., 


| R c.p.s. 
i =f ls 4 2: 
Now’, may 3 ‘5 I =) kmfn (41+ ae 4+ + ers 
si GR Or wVigii Kn ky / oe r-B, 
sea itaea hee f and m are determined by the transmission 
| h 
standards while k is determined by the nature of the scanning 
pattern. The retrace ratios (is and k) are functions of the 
scanning equipment and its performance. 
. The Sete is controlled vy “m’ alone; m depends on the size 
‘of the scanning spot. 
So the max. frequency of a video band is a function of 
the resolution of the scanning agent. (In the case of attenu- 


ation of the signal, the max. frequency of the video signal 


) 
is less than the Tae already obtained.) 
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ames f aay With ite determining factors are tabulated 


below: 


ee Na ED 
| No.! No. of scanning lines!No. of frames!f ..m= ax? U=1-33 


1 fn 
(n) (f) eee C.p.S. ! CoDeSe 


1 
t 
1 
! 
i] 
1 
! 
i] 


ie 20 16 1 3,360 } 4,490 

2 60 16 130,200 140,250 

3 120 24 {181,500 | 242,000 

4 180 24 1 410, 000 546, 000 

Ae 240 30 1727, 000 1970, 000 

6 3 343( 7x7x7 ) 30 11,860, 006 2,440, 000 

7 441 (7x7x3x3) ! 30 15,060, 000 $4,080, 000 

8 1029(7°x3) 30 16 650,000! 22, 100, 000 
CReference. Fink: Principles of relienitsiicn Engineering J 

(1029 lines, 30 frames is the possible case, available 


sec. 
in the future. At present m=1.33 produces the max. video fre- 


| 

quency with R.M.A. standard pattern of 4.08 m.c.p.s. and this 
is the limit to which the modern television sets respond per- 
fectly.) 


Effects of high fax? 
The increase in the magnitude of Fae in a video range 


has the following effects on the reproduction: 
i) the details of reproductions-re made finer, the extended 
edges are made finer and overall reproduction ig improved in 


uniformity. 
ii) the picture with non-uniformity (with extended regions in 


Some portions and fine details in other portions) is better 
reproduced provided all the frequencies ee inclusive) are 
trensmitted perfectly. 


| 
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| Chapter V.... Common Standard Waveforms 


In television to check whether there is any distortion, 
amplitude or phase, present in the output, some standard wave- 
forms are used. The process of checking for distortion consists 
lin comparing the output to any one of these waveforms. So it 


b 
will be not out of place if these waveforms are discussed 


‘briefly. 


The main types of waveforms to which the output of a 


‘television system is approximated are three: 


i) Square wave 
ii) Ideal saw-tooth 
iii) Non-ideal saw-tooth 


Square Wave: 
Consider a sq. wave of overall amplitude unity and 


| 
| 
| 


‘total time duration = 1/f sec where f = fundamental frequency 
| of the wave E(t) 


From the diagram it is clear that: 
between t= -1/2f to t=0 B(t) 


-0.5 


and between t=O to t=1/2f B(t) 


. 


.. E(t) is an add function so its Fourier expansion 


0.5 


consists of only sine, Ferms ; 
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o-4 An = a3 ih EC) Sn C2anft)dt. ‘ 
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E C(t) < = 2 [sin 2AM, sin ah BHD, vin KEM, -+sin 2h OF)... 


So the amplitude of each frequency harmonic is inversely pro- 


portional to the frequency involved. 


(The sync. pulses do not satisfy the property of the sq. wave 


of maintaining equal intervals of time for max. and min. the 


conclusion derived above, for a sq. wave can still be applied 


to the sync. pulses.) 

Ideal Saw-Tooth Wave: 

E(t) = ft is nica function as is clear from the diagram. 
On = af $tsin aanttdt. 


ie Re 
en 


ft ana sin 2\fF Sum 2b ily sin ue Gc se 
ase wa ae eq pe ey ati @) 


Generally, in practice, the retraces do not take place 


so suddenly as in the case of ideal saw-tooth. ‘thus a large 


number of harmonics are required to approximate a given wave- 


form to it. 


Non—Ideal Saw-Tooth Wave: 
In the case shown here only a portion "p" of the total scan- 


ning time is covered by the process of tracing 
' The duration of the active portion of the wave=p/f sec. 


, Retrace duration is between - 1/2f to - p/2f in negatve 
portion and between p/2f to 1/2f in positive portion. 
a the interval (- 1/2f to - p/2f) 
E(t) = -(f/1-p) (1/2f + +) 
In (- p/2f to p/2f) E(t) =(£/p)t 
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So in this case the amplitudes are decreasing with the 


square of the order of the harmonic. 


These are some of the standard waveforms to which a 


television output can be approximated and checked for distortion. 


These are useful only when the output is periodic. Sometimes 
line picture signal is non-periodic. Such non-periodic pulse is 
called "the transient pulse" and the response of the GeligWinical 
pmplifier to this transient signal gives the general criterion 
of video response. This transient signal is called the Heavi- 
rr Unit pulse, also. 
| Heaviside Unit pulse: | 
| It consists of a unity amplitude voltage pulse | 
whose period is greater than the duration of transient/» 
If this pulse is applied to a video amplifier, the response is 
perfect if the amplitude and phase responses are uniform from 
zero to infinity. But in practice the frequency responses being 
restricted, the output is distorted. 

This transient analysis shows the extent of distor- 


tion due to use of specified range and brings out the specified 
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irregularities within that range. There are two methods 

available to determine the transient response of an amplifier. 

| 2) erational Calculus 

! a) Lane..Uncompensated stages 
b)McLachlan..Shunt Compensated Stages 


2) Fourier Series - Bedford and Fredenhall 
(As will be seen in H.F. considerations, uncompensated 
stages are not suitable for video amplification. Lane's 


method for uncompensated stages is not discussed here.) 


McLachlan's method: It is based on operational calculus. 
Let e(t) be the output of the circuit shown. 
Ea et 
| Then ace gee | é Cute CMe46) | gon ae oe © 
| kJ 1-15 


= Cé) 
where ie = resonant Frequenc of Le and eS ak ‘) 
or ie eS 
k= Re gt f, j MS arf, {t-# 


| Xo | 
-{ I< Fa ig Ge k% | 
and 0 =: tan Be 


(Applicable only to one stage and when (Cy+ C,) are 


effective. ) 
If the phase and amplitude characteristics are known, 


Fourier integral gives: 


@ 
ect)= Tae, Af esim w(t ~ by) JPN eens. ge eee oe @ 
e ia a Meee ie 
where tac = dec. response of the anplifier 


tp= the amplitude frequency res»oonse 
function 


Pp = phase, frequency response function 
This equation (7) is generally solved graphically so the 
solution is tedious. ‘his method though accurate is not popu-. 


lar to obtain the transient response, 
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Bedford - Fredenhall: 
As the response to a single Heaviside unit pulse is very dif-. 


ficult to be measured experimentally and Fourier series is | 
applied to periodic functions only, a unit square wave is ! 


utilized. The diagrams drawn, justify the use of a square 
wave of unit amplitude in place of a Heaviside unit pulse. | 
From the diagram, it is clear that the response to a Heayi- 
side unit pulse is constant for a pretty long time but it | 
falls down gradually. This gradual fall is brought about by | 
the csuses associated with the L.F. Amplitude and phase re- 
Sponse. The response to a unit square wave is identical to 
that of the Heaviside unit pulse while the gradual lowering 
in tne case of Heaviside unit pulse response is absent com- | 
pletely in the case of a unit square wave response. this | 
sence of graduel lowering does not affect the analysis in | 
any way. 
Response to a unit squarewave is obtained by making use 


of the series expression of square wave and Fourier integral ja7 
eet Git = iphs fim 2 ras an (t-p,) + ¥3Sin 2n fC t-Ps) +--- al 

: 2 fe n 

Ty Ts Tz eee-eare the numeridal heights 

of the amplitude response curves at fy, BES Of ss ees 


Response obtainable from 8 is accurate, d-epending upon 
the proper choice of f. (f=time interval during which signifi- 
cant distortion occurs.) Bedford - Fredenhall used a wave | 


of period equal totwice the time interval tetween its applica-. 


tion to the point at which it becomes unity. 


this analysis can be applied to multi-stage amplification. 
| 
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The results of such analysis sre plotted. 
From these curves it is clear that k=1.51 is the best 
| characteristic for the purpose of television (video) work and 


| the response becomes smoother and better as the number of stages 


| in increased. In thecase of k=1.41 (ie. an amplifier with 


k= 0.50), there are sudden and extreme increases in amplitude. 
These upsurges have the effect of producing a sudden change 
of colour in the reproduction such as a black dot following a 

| change inthe white direction and vice-versa. While, the sec- 
ond amplifier with k=1.51 having only 10% overshootings, is 
more suitable for television work. 

| (k= RC//Jq = ratio of the load resistor to the, 


impedance of shunt capacitanes C, 


at the resonant frequency ie) of L and C. ) 


This transient response analysis can be applied to 


| any output of a television system. 
| 


Usual design calls for Riz % at {, where fe: eee 


| 


and Pray highest desired frequency having 1:1 response. 


This gives a circuit of Q-4 which has unique properties of im- 


|" pedance and phase shift. X,: ¢c, at love 


LF. Response: 


Though it is possible to sacrifice some response at 


the H.F. end of 4 megacycles signal, it is necessary that the 


amplifier should have a uniform response to 30 cycles. So the 


‘eharacteristic must extend downwards to 10 cycles or even less, 
as the amplifiers do not cut off sharply at any on frequency. 
“Effect of Loss of respons 


e at Low Frequencies: 
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© Tetevision Simplified - Miltem S .Kivern ) 


Blank ng Wewel  Ckixed). 


Amplitude =e 


“Average watue of camera signal 


‘a Reference ley 


‘Tienes Cd-oc component) 


From the diagram it is clear that on either side of 
_the line there are blanking and synchronizing pulses. These 
pulses have a fixed level while the camera signal between the 


pulses differ from one line to the next. These changing volt- 


ages are referred to as a.c. variations of the television sig- 


|mal. Besides these there is a D.C. component of the camera 


Signal. 
From the discussion of the D.C. component of the cam- 


| era signal, it is clear that the average illumination of the | 


'scene may change with each frame or 50 times a second, In 


order to have the scene televised exactly, the average illu- 
mination should remain constant. This, in turn, is guaranteed 


if the transmit~ing and receiving circuits are capable of 


passing 30 c.p.s. without too great attenuation. Any poor re- 
sponse would result in incorrect values of the background 


illumination and would result in the left to right stretching 


| or smearing of the large objects, 
So the low frequency response should be perfect for 
| the smooth working of video-amplification. The circuit (com- 


—_pensating) suggested and discussed in the chapter in Video- ! 


30 


Me Ee 
Amplifiers L,F. Considerations, helps in controlling this L.F, 


response, 
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Chapter 6......Wavefams' Distortions ! 


Many times the output of a television system is not. 
identical to the input because of distortions. these di wtees | 
tions may be dee to various reasons but the following are the 
main ones: i) distortions due to non-ideal amplitude and 
phase response characteristics. 


ii) Distortions due to the presence of masking 


voltages (noise) 
iii) Distortions due to purposely introduced dis- | 


turbances to improve the quality of the reproduction. 
| 


Distortions due to non-ideal characteristics: 
These distortions can be subdivided into two types, a) Sym | 


| 
metrical distortion....non-ideal amplitude characteristic, bd). 


Anti-symmetrical distortion....phase shift of harmonics present 
with respect with one another. | 


Consider a unit pulse, ie., a non-periodic waveform 
} | 


containing one pulse of unit area and with its amplitude large 


| | 
when compared to the duration of the pulse. This pulse consists 


of infinite number of harmonics of equal amplitudes (Fourier | 
Analysis.) So for its undistorted transmission the harmonics. 
should be transmitted undistorted which is not possible in 
practice. 


The diagram shows the basic unit pulse end its re- 


production after it passes through a circuit with a response __ 


i 


Diagram ig 
f Vector 


CTelevision- Zweorykin 
Merton.) 


Single Ethe 


C324) e 


Additon of Maia tebe Frequency 


Comp one fob 


Positive Paix of Echoes | 


Ne gahve Parr ot Echoes. 


Fe Arnplituce of the Main Pulse. 
Fy = Arn plitude of the Resultant - 


f 2 2ntte 


= Amplitude of the Echo- 


j= 2ASte | foo =- akfite. 
te Lane ae ved te Hes to { the hme _ at which 
the tro pulse. is applied ).the echoes i oceur, 


SS ooo eS =———S——=—=—=_—__=_>= ——— 


| characteristic of the nature shown. The response characteristic 
is a function of frequency F(f). 
The reproduction E(t) with no phase distortion is; 
ce — 
ees) Sera Ff) cos anit df. . GAY 
° 
‘This output wawe is seen to be clearly symmetrical about the 
maximum amplitude of the input pulse, 


In the presence of phase shift the distortion that wil 


be found in the reproduced waveform is called the "Anti-symmetric- 


al" distortion as is clearly visible from the diagram, The 
echoes, the basis on which H.A. Wheeler accounts for the two 
‘distortions, are identical in shape to the main pulse but are 
highly attenuated. Their presence is accounted for by the 


‘distorted nature of the phase characteristics, 


| 


The Principle of Paired Echoes - H.A. Wheeler 
Wheeler showed that the effect of small phase distor- 


_tionean be represented by the addition of two additional signals 


(to the unit pulse. These additional signals have the form of 
the unit pulse. These echoes are due to the reflections that 
come from unmatched impedances. Let the input pulse reach the 
output in time 4 and appear there in its reproduced form ac- 
companied by the pair of echoes following or preceding it by 
time |. The factor of attenuation is "a", 

As the echoes and main pulse are identical in shape 
the echo frequency amplitudes are attenuated by a factor "a"; 
the phase ¢ ) between the main pulse frequency and the corres- 
ponding echo frequency is given by P= 3p ne ae A Dig 
| Ref. ORE iy ae 
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|The vector diagrams in the cases of i)single echo, ii)positive 


|pair, and iii)negative pair show that the resultant waveform 
ieee) has different phase and amplifude from that of the frequency 


components of the original pulse. 


“Positive Pair of Echoes: These echoes lead and follow the 
main pulse by an equal amount of time. From the vector diagram 
lat is clear that the phase between F, and the main pulse (F) 
fas zero but the amplitude of H,is different from that of the 
main pulse and is given by: Ere EaiCAcpo@ cas oat te) eo. : 1) (682: 


| 


| where F=amplitude of the main pulse 


w 


F = amplitude of the resultant 


aF = attenuated amplitude of each echo. 
~-For n pairs of positive echoes 
Fy = FC1+20,cos 2rfte + 2a, #as 42 ftes---- + 2G,cosaTnfle) ‘| 
Where @, 4,,...a, are the attenuation factors 

tee Oe ro ies?) ae ee ee cee aes 2 i hee £5) 

where gf) = 2 2a, Cos k At Mnly SR b ol og Var 
21a 

where ee fe = cut-off frequency | 


The magnitudes of the echoes, can be determined, from 5 with 
the help of 5, by the use of given attenuation factors. So the 
response for the video signal is determined. Sometimes this 
| method becomes complicated because of the large number of etter 

Dea yciter factors involved. Thus the following method is employed: 
| Prapedure : Pass the given pulse (rectangular pulse is consider- 
lea here) through two networks with char.cteristics shown in 

la and f. G is so chosen that it can be utilised for a large 


number of amplifiers. The first term of g(t) .in 5, gives the 
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characteristic G/G, whose main purpose is to produce a pair of 


echoes of polarities opposites to that of the main pulse. The 


resultant, the algebraic sum of the main pulse and the echoes 


/is seen to have the symmetrical distortion. 


is phase difference between EF 


Negative Pair of Echoes: 


In this caseithe two echoes have polarities opposite 
to each other. The vector diagram clearly indicates that there 


- and the main pulse but the amp- 


litude of both is the same, 


Let Fros(anft+pype the given frequency component of the main 


pulse c. Fi F Cos Cantkt+ $o+ Sars antte) tum wi tir C6) 
f, = bof ) Fe in put bre quemey, 


Factor - Cmplrtude of the eche  < 4 
Ga pl itu ofe of main pulse 

For n pairsief echoes: (7) 

EF, < FCos C2nst+ Fot L2b, sin Digital ae Oo 


and b= aHenuahon 


d:b.f produces no distortion but the sig- 
nal is delayed by an amount Bra So out of the total phase 


shift: Cbf+ 2 2 sin 20 kfte) 
only the series terms represent the distortion. 


The distortion §2° s\O'b) Sin 2AKPbes Suen y- lane ts. CB) 


This distortion in (8) can be determined by the magnitudes of hk, 


and is due to negative pairs of echoes and is anti-symmetrical 


as is clearly seen from the diagram, 
Distortions due to Noise: 
Generally the noise in a television appliance is due 
to many reasons but the most important of them are 
a) Thermal Agitation in Resistances 


b{ The Hmission Noises in Vacuum Tubes, 
rf se : 
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| The emission noises or tube noises as they are popularly known 


| are classified into: i) Flicker Effect, ii) Shot Effect, iii) 
“The Space charge limited noise. ‘ 
Besides these there are many other sources of noice, 
“the thermal and shot effect noises arise in the video signal 


sources and the transmission equipment while the others arise 


| in the carrier transmission of the signal. 


(a) Thermal Agitation Noise: 


Johnson and Nyquist have shown 


1] 
| that the e.m.f. generated across a resistor is due to the con- 


| | ] 
“duction electrons that are in thermal equilibrium with the atoms 


| independent of the current flowing through and the material of 
which it is made. The thermal agitation in the resistors is 
| due to the fluctuations of these conduction electrons; and the 


-e.m.f. so generated is e 


| Tie Se 

Cron. =~ bhermal voltage, (r.m.s. value) 
JT = absolute temperature of the conductor 
Z = impedance 


‘responding to Z being of the order of 100 to 100,000 “2. 
b)Tube Noises: 
i) Flicker Effect: Sometimes changes in the structure and 


composition of the cathode surface cause changes in the cathode 
| 


|‘ sufface emission. This change in the emission from the cathode 


|surface is known as the Flicker Effect. The noise due to 


[Eiisker Bifect ts negligible over 1,000 cycles, and becomes 


C Ref: Nos. i. aa Ry dae. 


-42., ————___—— | 
7-4 x10 (TZ (fs-f2) vms volts: -.29) 


{,& f; = the lower and upper frequency limits. These | 


| thermal voltages are of the order of 2 to 100 micro-volts, cor- 
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as "Shot Effect" and the e.m.f. so generated is given as: 
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prominent towards the lower end of the spectrum. It is net. a 


| serious proposition in video amplification. 


ii) Shot Effect: The electrons leave the cathode in groups 
forming the current pulses. These current pulses are subject 


to random variations due to the varying emission from the cathode. 


1} 


| This irregularity in plate current due to this cause is known 


Cy ana= 264 nio xz J 1 Cfi-£2) rms. woolts,-—~ - C40) | 


From expressions 9 and 10 it is clear that shot effect is 
more troublesome as a noise in the case of equal frequency range 
and resistor value. The shot noise can be eliminated if the 
tube is operated at a plate potential at which the space charge 
is developed whereby the electron current is made smooth by the 
supply of additional electrons, | 

The predominence of a noise in the tube is determined by | 


the circuit constants and the plate currents employed, fFor 


example in a practical camera pre-amplifier, the shot effect 


is prominent. In the first stage the fy, = lim.c.p.s. so the 
thermal effect is low and in the later stages, the fmax is in- | 


creased so the shot effect becomes more prominent. The restricted 


band width in the first stage gives less thermal noise as against 


in the ease of a circuit designed for 5 m.c. While in later 
stages H.F. Compensation circuits raise the effective H.F. limit, 
The effect of the presence of noise in the video signal is 


to limit the level of illumination at which the camera can be 


operated. As this level is decreased, the camera signal de- 


creases. So the low levels of illumination give hazy pictures 
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that are far from perfect. 


If Signal = Peak Camera Signal Voltage = 20 
| Noise Peak noise (voltage) 


the reproduction is considered as good enough for entertain- 


| 


is completely eliminated. 


} 


ment purposes. If this ratio is made equal to 40 then the noise 


In storage type tubes, the emission current is so small 
‘that the shot effect is negligible. But in the case of non- 
storage type tubes, the shot effect becomes a serious matter so 
eleétron multiplier structures are used to raise the signal to 
noise ratio, Electron multiplier structures give the highest 
possible Signal:Noise ratio by increasing the number of ecieead 
flowing. From the expression 10 it is clear that as the fre- | 
it increases as the number of picture elements is increased. So. 
‘the frequency range should never be longer than is actually nec- 
essary to convey the full information of the picture, 
ic) Purposely Introduced Noises: Sometimes some types of wave- 


forms, blanking signal and the sync. pulses, are applied to 


the camera signal to improve the quality of reproduction. These 
signals also compensate for the limitations of the camera tubes 
and image reproducing tubes. 


The expressions for the thermal & Shot effect noise volages 


=1e 
ares Ce, moSe=n704xl0 VTZ(fi-fo) romeS. volts. 
Cr emeSe=6 64x107 BR /T( fy-fo)r mes. volts. 


respectively. 
From these expressions it is clear that the thermal noise 


quency range iS inereased the shot effect noise is increased, Also 
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voltage is proportional to the sq. root of the frequency range 
of the band used & the sqe rte of the coupling impedance.(The fr 


equency range is generally determined by the image detail and th 


picture tube scanning system. ;While in the case éf the shot effect 


the noise voltage ts proportional to the sqerte ofthe frequency | 


range of the band,but is proportional to the coupling impedance, 


| 


as 
itself.) 
From the discussion of the tube noises it is evident net 
as the coupling impedance in thergridiof the amplifier stage,is | 
increased,the signal increases accordingly.(assuming a constant | 
current source)eBut as seen above ,the noise voltage increases 


Aas the sqert. of the coupling impedance, 


The Signal to noise ratio is increased .But in practice 


oo large coupling impedances are avoided because of the followin 
easons: 
1) The gas current that may be present in the amplifier 


tube ,might lead to the erractic variations of the gri 


bias of the tube, 
& 2) The camera tube is not a truly constan&é current generator, 
Coupling impedances of the order of 100,000Q) may be usefl. 

Such high impedances lower the relative response at the high fregue 
quencies;but this loss can be eompensated for , in & latter stag 
where noise is not a troublesome factor, 

Brightness Relations for Perfect Reproduction: 

From the discussion s6 far it is clear that the amplitude 


of the picture signal is proportional fo the illumination of the 
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picture.In the case of perfeck reproduction,the brightness of : 


the image is proportional to the brightness of the object if t 


he brightness on the receiver is proportional to the signal ay)ii 


applied to the tube, 
Mathematically:  ByxkBoessseeees eee e eee eee (Il) 


where Baz image brightness, 
Bos Object brightness, 
k-s constant of pRopan stoned Leys 


(11) is a linear relationship between Bs&B, ¢ ig the necessary 
condition for perfect reproduction. 


Besides this linear relationship there is a relation due 


to Weber & Fechner based on the principle: 
"The sensation of the light in the mind of a person varie 
logarithmically with changes in brightness"jor 
r 
BywkBocecsscccsescccccescccsesvessere(l2) 
log BisrlogBotlog Kigied oP sc 6 6 eWietd’s ose e tats (LOOM 
(A reproduction is perfect as far as sensation point of view i 


concerned,if there is a binéar-ne correspondence between By &By 


The nonlinear characteristics shown are inherent in the 
equipments like camera and reproduction tubes.If thesecare in- 
serted carefully they can be used to compensatcithe defects in 
the other elements of the system.(e.g. if r=-l,for 4& transmitt 


the low r-chareacteristics can be compensated for by the proper 


choise of nin the amplifier circuits.) This compensation if c 
rried out at the transmitter,where its effect is applied to al 


receivers,is more economical. 
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Chapter 7.o0.Video Amplifiers,H.F.Considerations. 


There are five main types of coupling for amplifiers named 


after the type of coupling.(the type of elements used for coupling.) 


There are many other combinations of the same elements but tho- 
se that are drawn here are the fundamental ones: 
i)Inductance coupled 
1i)Transformer coupled 
iii)Direct coupled 
iv )Cathode coupled 
v )Resistance coupled 
First two types are unsuitable for video amplification be 


cause of: 
a)The wide range (S0c.p.Se-4mecepe8.)does not allow t 


use of known types of coupling chokes. 
| b)In the case of air core chokes, large number of turn 
are required in order to obtain sufficient impedance at L.F.so 
the ditributed aaeael te is high atH.F.For iron core there isn 
response at H.F-e 
@)Though there are some alloys(magnetic core)giving 
satisfactory results, they are undesirable because of the shift 
and variations of impedance over the video range in use, 
In the ‘third case of coupling the plate of the first tub 


is at the D.Cepotential of the erid of the second tube,Thi-s 


couptimg theornetically.canpbe seen to be the best suited one 
for the video amplificetion,.The plate potential of the first 


tube can be adjusted to give the most satisfactory results-- 
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(phase and amplitude eharacteristics) put the adjustment is so 


| eritieal that it is not usable in practice, 


The Cathode eoupled amplifier has a gain of unity 


(and is eonstant) so it is not suitable for an amplifier but. 


| it is suitable for impedance matehing. This coupling has a 


| place in television set to eouple a low impedance load (like a 


eable) to a voltage amplifier. 

The last but the most suitable is the Resistance- 
eoupled. It is used in the video amplification and is f-ound 
to give the most satisfaetory results by adjusting it properly 
for various eorrections as will be seen as the diseussion pro- 
cecds,. 

From the discussion of the video signal it is clear 
that for perfeet reproduction the video amplifiers must be 
so designed as to have eonstant gain and zero or uniform time 
delay over the entire video range. (The R.M.A. standards are 
$25 lines interlaced seanning with a field-frequeney of 60 e.p.s. 
and frame-frequeney of 30 e.p.s.) So the amplifier must be 
eapable of passing all the frequencies from 60 ¢.p.s. to 


4 m.¢.p.s. With constant gain and phase shift. 


| Total time delay (AT) at any frequeney -_Total phase delay 
~ Angular frequeney 


15,760 @.p.8.(526 


Fundamental frequeney in video signal 


lines and 30 frames). Overall AT allowed = 1,000 psee. at L.F.end 


0.1 see, at H.F. end | 


The video frequeney range being very large it is very dif- 
ficult to obtain eonstant gain and constant time delay over the 


wide band used, SO a compromise is made with both the gain and 
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‘phase satisfactorily near the ideal. Besides, the factors that 


control the response of the amplifiers at one end of the range, 
“have praetieally no effeet on the other end. So it wili be eon- 
venient to discuss the problem of video amplification in two 


steps: i) H.F. eompensation 
ii) L.F. eompensation 


H.F. eompensation is considered in this ehapter. 
H.F. eonsiderations: 
From the simple ecireuit with a pentode it is clear that 


Ba CGD 2 BGetur- ¢ 2): @ 


where Za = the impedance of the parallel 
equivalent cireuit. 


transeonductance of the tube 


En 


aie =r. Zr is decreased by the reactanee of the shunt capacits’ 
_anees like wiring, seeket, and tube ete., the gain is reduced, 
This happens at H.F. as the reactanees diminish at H.F.; the 


relation between the reactance and H.F. being: 


x ©) 


i 
Sar foul 
C is generally small 


This drop in gain is aeeompanied by the phase delay it being 


~ -_ 


given as  - Pe cegreke cm to, tee (2) 


| So in order that the amplifier should be good for video 
amplification these defects should be remedied and the means 
are desired to reduce these effects of load circuit capacitance, 
‘There are two popularly used means to compensate these defects: 
| i) Use of a small resistor (load) whose resistance <<% 


_of the shunt capacitance at the highest frequency of the video, | 
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ii) A eiréuit with an inductanee to eounteract the eoupling 


|eondenser. The gain is constant and the plate load resistor 
(R) in unchanged. 

These means used to inerease the video frequeney band with 
-eonstant gain and uniform phase delay are called the eorrection 
eireuits and are elassified as: 

i) Uneompensated ecireuit 

ii) Compensated eireuit - shunt peaking 
iii) Compensated cireuit - series peaking 
iv) Shunt-series peaking 
‘From the (1)expression for gain it is elear that G is not constant, 
for uneompensated circuit over the wide band unless 
Rie aia ir 
where f,ax - max. video frequeney 
So this eireuit is unsuitable for video amplifieation and is not 
diseussed in detail. 
| The induetanee (L), used to compensate the effect of the 
shunt eapacity forms a resonant eircuit with the shunt capacity 


at a frequeney greater than t ag the rising resonance eharae- 


x? 
teristie being used to counteract the falling off, of the load 
impedance (Z ). at the upper frequeney limit (fmax) So the 
resistive load should be so chosen that the gain in the mid- 

Mecmauenas range where the effectsof reaetive elements are not 


prominent will be the same as that at H.F. As seen above, the 


total shunt capacity (Gy) is the factor that disturbs the work~_ 
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"ing of the amplifier so the eompensation generally gensiate in 
eounteraeting the effects of Crp ° 
| Gp Cok tC pet Con(Gt+1)+ Cotray (3) 
Cok = output tube capacity 
C = input capacitanee of the following tube 


C = grid-plate ecapacitanee of the following 
6P tube 


G = gain of the following stage 


C = Total shunt eapacity dus to wiring, 


PeEey tube, soekets ete, 


Skhunt-peaking: 


It is the most widely utilized H.F. eompensation 
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From these expressions it ‘is a that the values of L, 
and R. » Which should be used for the design work of a shunt- 
peaking eireuit are functions of shunt-eapacitance Gps Besides 
these factors, the other factors that determine the values of 
|B and I, are : i) the max. video frequency (f,,,) 


ii) the design constants ky and he ape 
Ry 3 
720 Snax Cr 


ky = 2A Fmax by /ry fmaxCy ‘ 
In terms of k and kp the gain and the phase are given 


as; 
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(The values of ka range from 0.8 to 1.0 while those of k vary 


from 0.3 to 0.7). Most of the designers utilize the following 


values of k and 7 Which is equivalent to making the resonant 


frequeney (f..) of Co and Le 
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When KRre 1-0 Pe eg 


The design equahone Qre- 
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These equations give the required values of Cr and R for 
a required f,,,. 
Illustration: 
| Consider 1851 pentode tubes with total load cireuit 


eapacitance C= 77 i with aoe = 5 MeC.PeSe 
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performance of this compensation 


‘the Cy should be at least tuied 
the value of Cy or (ot ae ay em 
* me2z2 (a condition generally fulfilled in 
leraerieel sets.) 
If m 22, C, IS USED to adjust m to equal 2; or some small 
eapacitances may be put across the input and output terminal 


lof the- filter (ie., of L,). By the latter method the gain is 
lowered beeause G is inversely proportional to the load circuit 
total eapacitance. So the former method is employed, 

Necessary value of Lt 


Let a be the resonant frequency of G and Ip 


f 24 


4 
def- 
OSS eal fay Le oy 


& Gh oy fz Jz fmax, , the TO p Frequency 


- 4 
eae Lo = 1 Gaiese Cr 


1 


2ht mel: 422 —————- 
Canta.) Cxa 


ws = rey 
Again Lym +2 fee joes feck compensa hon 
i cd 


ti te ee 
2A Fray. CC1+Cz) 


and h2: = (e142) RE 
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hy z 2 ~ (ee ce Re 
(Sometimes, the high plate circuit eapacitanee required to be 


worked out into alow-grid eapacitance, So use m= 1/2 instead 


of m=2 with the same values of R and L,; the only difference 
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| Particular ease: AT = 0-231 ns 


across the smaller terminating capacitanee,) 
For any "m" and fiex 2 onzo7t,. 
Ry, = Dy Aes M UI5©4 


Lia = We Caeies 


From this discussion it is elear that: 


uohere Co-= 2A ee 


50% greater than Gopynt for the same 


ana AT series <_ bh T shunt 


G : e 
series - 


Sihuiatie. a ~0- O77 


= UGees. Ae) Lares p-s. 


AV ceries, = O-Ou34, = 0.004 Cow nae = Sme-p-s_- 
So the series cireuit is more advantageous than the shunt- 


peaking, if and only if, m ean be adjusted 2 2 without appreci+ 


able decrease in gain, below that of the shunt-peaking. If 


Re 2 there are peaks at the H.F. end of the gain characteristics 


and this is undesirable effect; exeept when the H.F. gain in 


other stages is defieient. 


Series-shunt cireuit: 
It is clear from the separate discussions 


of twfeireuits that under the same working conditions the series 


and lesser time-delay variahons 


eireuit has a greater gain while the shunt peaking has the seap a- 


bidity de swork: beyond 4..wsed So if these two are combined together, 


an oversll advantageous compensation circuit is obtained. It is 


ealled tne series-shunt circuit. 
In this circuit the R, for a constant gain up to fax with 


a given Gp is approximately ,u uu 1S greater than that in the 


ease of shunt-peaking circuit. 
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| Gain per stage - 80% greater gain per stage, for 
the shunt-peaking circuit, 
and the time delay variations are approximately the same 


_ as the series-peaking circuit. The circuit design equations are: 


For C2 : me2; 
e fe Sw SE a= One CCr+¢2) Ri 
We (C2+C) A 
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From these discussions it is clear that the last one 
has the greatest gain (eonstant upto the see) available with 


the smallest variations of time delay from the value permissable. 
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“Chapter8...Video AmplifiersjLeF.Considerations. 


AT low frequencies (below IO K.C.)the shunt ceapacitsnce 


has the negligible effect (X,£I/we), 80 a standard video signal 


amplifier should work smoothly between IO0O0to 200k.c.with or with- 


out compensation,.But actually they do not as the blocking condenser 


ser in the grid circuit with Re] does not pass the L.F.signal 
undistorted. 
In the production of 4a picture the L.F.of the video sig 


nal supplies the background levels of the ptcture.So if the repr 


oduction is to be perfect the background detail should be clear; 


51 


thet is all the low frequencies should be passed without distortion. 


Otherwise the background intensity varies from top to bottom, 


As far as the circuit performace is concerned at the 


low frequency end the proper phase characteristic maintainence 


is more important.So the times delay should be either Zero or 
constant. 

Generally even if the phase & gain characteristic are 
known it is very difficult to predict the performance of the tub¢ 
at L.F. So the problem is handled on & square wave basis,either 


experimentally or analytically as below: 


Procedures Let a sqewave of the base frequency- be 


60 CoPeSe 


passed through 4 circuit shown. Then, 
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where t- time interval between the applicatian 


of E to c and R. 
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where the current through R is essentially constant, for a short 


interval following the application of the pulse.) 
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Rettse = drop in amplitude of the square wave 


in "t"., (It is obvious from the equation that the amplitude of 


the pulse approaches the average value.) if the 
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From the equation (3) it is clear that if a % drop is known, 
the required values of C and R can be evaluated by letting "t" | 
equal the time duration of the pulse. Though any values of C 
and R give the known time constant values ,the extreme values 
should be avoided. For example, if R is large the d.c. bias 


will be influenced considerably; if grid-current is present, 


| | | 
on the other hand, low R with large C increases the total load | 
capacitance Ch at H.F. thereby affecting the H.F. response, | 


| Shem OEE oaroteey Basic frequency of a Sq: Wave = 60 ¢: P'S. 


Capacity Ce); 0:25 pt. 


Resistance CR) = O-Srmgl2 . 
= owe Sec. 


& Gre Hee a = 6: Sty am tude ovop, 
= > cr ~ ja 0.25 “gO 7% %o P | 
On the contrary, on the relative voltage response basis 


at 60 c.p.s. the response at 60 c.p.s. is found tobe better than 
99.9% the response with infinite time constant. So it indicates 


“the necessity of checking the L.F. response on square wave basis, 


Factors affecting L.F. response: 


The following factors are the most important ones, 


¢ Ret. R.c- A. Reviews. ) 


2, 


ee ys ts Wan. 
bs SENN i a 4 


. kpc | a alain, antag 


ee dete ets ‘theozio at 0 pon FAO & be elit  t ‘Tt 


¢tode £& 10% tnetenos Ulantwoase. an ft ea | J “4 i : 
(.9e8 fod ‘oat to noidaats 78 8. iz: an. } 


r © o z oy 

\\evew exanps ens to obtjcaiia 3 pn Pat at lg 

iso obut ifane, oat teat sottenpe ain me aut ; eb: $1) mgm ee 

Pee tae t (.optay a8 ie ott aesoion gad ee Lye edit) 

{Sok SEE pat Fa ka bed de | #¢ a4 ae Bor Gh a: na 
<Mwomt ef goth ® e TE tant tae Lo: et $k (®) foltsups ant not | 
| new anitdes vd betenlave. od 8D be 0 to soufsy herkupet od} 
| $6 pa bay vas sguodt paliy art to ‘Potters emit eff fe 
| souls’ ometixe oft atulay titanoo Smit nwo! edt ovis Thiel 
| eatd .0.8 ortt Parel at fy 2h eam tot .babtovs ed bivota = | 


,fteeetaq et tHertio=bity, tr t Z sebien Gassan tier of ft a a 
bao lf fatot odt aeesentont 0, sysnt attw a wot ,bmad tedito ett fe 2 


\. ‘seemeqaer .4, ant anhtoette werent tH t8 op Sonate 


ptihe obe5 rene Bg Me ee ee a ae 
, Awece, 2623 xfeeneme 4p ©, 
hats 2 Pe Shia Bhs 


0 (FO » AA me | 
| | oe Pi aay vie Fer nicl ao 


| ikea senoqaey onatfov érieatas bel an ea 


f a rh “ day A 
ni 


apd xetted es of bawot at s2eg.9 OB 4m 
by ascad tt oe. : | 


ye, suantincs! a ee it 
: in ee te F, ms 
¥, Pa. r 


i Oe 


“O09 . @ot 06 OF OL 99 
Tanne 


5) 
Bh. Baas cS 
7 
= 
z= 


3 
Le 
AGE CA CS Sa 


2 
= 
SSSiS= 


zs 
=e 
= 
I 
= 
= 
@ 
| | bs 
aa 
= 


S2Seeum. ser 


Fee 
7, 


aed 
i | 
z 
BS 
= 
IT | 
= 
1) 
iC 
ES 


ng 


S FE 
FR 


s3 
ww 
co 


= 
S000 
ao: czaevezee 


SSC seeesece 


re 
ose 


t 
= z= 
=== 
4 =e 
a 
=a -—+— +} -— 
3 
7 


= 
Fi 


eH 
j 


ies 
a 
== 
= 
= 
ae 
a5 
4 
= 
t— 
= 
Za 


== 
= 
= : 
L 
a 
aa 


= 
Ze 
' 


fr] 
aw 
EE 
fee kai] 
VY 9a nee 


Seam 
7 * Tf 

=S==s 
= 


== 
age 
See 

ae 

— 


» Paiel bv iban 1) al* eduh. : belie liMibd 5 dodo ed ee @ 
VAULT HEGRE RRR hded HERE 
CEE TT TT 


ww ; a ~ o 
eo 


\ARENCLOSAUNSEQESO GRO GON Em 7 
HNGUITLS EEL NOGA TERE 
| Betas tet ineau RNG be 
Ee HIE: Beer eet CE Aaa IVURGESO SIREBRRAAES 
iW SGnNOTEA EG PRES L Lhl ta.) homes iad GL CLLEHEM AEST TERA RSREM ESE 
Ht sod HATS SCG SORS RRR EET sCHSISN TSU SET GA TOMDELEOID GRUB ERERS 


He MOMDRDEGSASEE RES 
mene ib rita 


GOMES SES abGStNERYE ee abe 
4 hope ei me JUSTEERE?” reRee 
Li RREAHEE . a Gara | MAFSINis;*; sc RUERS GEOR LAB SE 


Tonal : Am f agi ae Hitt mt 


isd 
iil Pa te 


TRI 
We ae 


ii Til fi 
ah 


i 
—- +--+ > a ag tte 


(REPOS SR 


| 


A See 


es gs Gar EG 2 


— + 


beet ee eee eeeecee SIE ee Re eee 

it f oe on ae i <0 is Hp tt } n- + sieht Yom oe 2 ' Oe a A ec Ge Dee cy 

UTE ET ae ee ret re ey Eh ee Riess Hii SESE EGER: i ee nadeed FESR See e es 

oe saue Crh tet obt ae 2 : iit one Pee ea ees 
CHUM AET HASH tl Cabep Pl | 


ee HT ———————————— = = ———— — ——— — ~— = 


‘that affect the response of an amplifier (video) at L.F. : 
i) the coupling condenser (Cc, ) 
ii) The bias impedance 


/4ii) The screen grid circuit impedance. 


The coupling condenser 
Generally in practice pentodes are used for video am- 


1} 


‘plifiers and the grid-leak resistance (R,4 ) is so much larger 


‘than the coupling resistance ( R,,) Ral Se yl ee Me A) . 
From the circuit diagram it is seen that 

G-= ImBL-Rgl = CELoae ch nee SMe Be (6) 

| RGI+ Xe, 14{Xce. \2 


RgJ 


3) 
! From (5) and (3.) it is clear that C,, the coupling 
‘condenser, affects the phase shift (lead) more than the ampli- 
‘fication (falling). The tolerable phase shift at 60 c.p.s. 


is 2° so in order to maintain the shift within the limit af 


\f=60 c.p.s. LING SEAS CMM Me ane eae ah © 
| G os 2X vad . = peti, Pes be. wt! . } 
Bo 2% x60xRgl Ce 


! 


| *he condition (6) is obtained by the use of large conden- 


ser capacity and grid leak resistor; a parallel combination 


RG is used in series with Ry, instead. 


| With the Ro combination used: ez = output voltage 


= €19,,43 


and a 5 tas’ Bae wee ee ee oar whet Xe = a 


| 
| 
| 


wo heve Za: im pedlance of equivalent circuit with 


Ric) included. 


| = #/ Gas &19,,23 + eee 1 LS EE a ee ©) | 
ae ee | 
‘ ‘ ‘ ithout 
Z2-= impedance é) -éauoalent circult wt 
ak ie : a q RiCi combi nahor - 
Zi = tm pedance ary R24. 


| 
) 
| Reference : No. 2. 


3. 


aihey 


ta) wie, i 
7 > ' ns 
oe) Pe 
‘ae se * ay Wy, 
OW wy oe 7 Vigor ‘ 
: ae 7 A Fat 
; wie hl te 


f 
wn hay 


| ning (Ohi YO% Hew oxs seborsive coktoang an Ggtten bbe 

f Teste! doom 08 et { git) eouste taex ansi-bisy edt bas. axeitifg) 
Lr RP erat Siig ena «Os 3 “gotie etner gabiguos bhid Nisowar | 
; tadt peee at oP) imate by Rie est, mort - ! 
ay @) Hee Se 38 aEes "3 n ) 
7 Sake) Sk gah 
ese 5 tenets ( ay Ae ee lat. bre 
hating ie 1g i 
' ati tquos, ont 0 stadt’ tae ld Bhi se (2) bas (@)- s08%. 
~LLgnis Bud ‘gant oom (hael) ride eesti: exit etoetta (Teenebaos | 
Y  y «Se Qo Gd te ttida eandG oiderstod pelt tantra) couse ; 

ie | : Ye timil ond otietw Hebd. sit hiadh ise of sasha ‘och oe ‘Ogi 

i ae ws oa cae ae BR oy * hs: 

| pet TS Ce lee Re 2h se 

) i bi a9 lpA x od Re ‘ Nee a 4 os iF 
; sits Stiets Gehr to, een ent yd bontstde ab (@) F. “note tbeon “ 
fot tect dmos foliage 5 qrodetaee aot ‘bkea ns ¥ 

f sipiatto ys: tveod op — 
: ' | ss " We 4 ». 

a . pee. ; el tes onan 7 
‘ailion Fier ic Tetley iiegs ke “Webber ee 3 


| ‘babi. ims) foe eae | » a Pins 
j ; f Ln / y 7 i 
Awad tices Vines ere tealowiw ge Ys | al @ | eel ivy 


~ motlnex id yin st. 
; ras) iA 


Aruan boat of 


= 
a 


a4 

ow al 

3 
SS 


Be 
= 
Se 


abu tY 28°44 Pee, Su 


I BEETS 
LP ee ee 
Pe TT Te ets al el ito 
BER CREDEAR RES eR AREA ASR BRAS | 
SO ee 
TUREIRRERUSRER AGREE ERERL RSS e  — ow eA SRRR ER SeR eas 
Py lee UT ee 
peer | Tt Me ee 


HM IivtfasibdOU ORLA vicnijs HaRRERE US AY con: 


me Oh OS Pe ees ee OU) eae t) N - 


| curves 1 and 3, if compared, prove this fact.) Conversely, 


| ly. (Curves 1,2,and 5 indicate this situation.) If oT is 
| varied Ry being held constant; the smaller the value of C 


| the greater is the gain and more lagging is the phase. (he 


ally undertaken as it is a little complicated. this bias-in- 


_pedance effect can be easily compensated withthe help of the 


Exp. (7) shows that the output increases by a factor 
Rit 2! 
Ry, 
by which the impedance of (Z , R,) combination is leading. 


but it lags by an amount corresponding to the mgle, 


Ed@eal compensation requirements: 
Rot Gitia-k er yF Ri =o | kil eee ee 


Jn prachce R, = AHAB S Serves the purpose 4 


The curves plotted show that as - is increased the gain 
\ = | 


becomes more uniform so also the phase shift is varied uniform- 


1] 


Hl 


larger C, makes the phase leading and gain to drop. (Compari- 


son 1 and 4 indicate this.) 


f 


the bias impedance: 
the output of an anplifier is affected by 


the bias-impedance (RpCy). It is reduced and leads in phase. | 


So in order that the amplifier should work perfectly, this 


biasrimpedance requires to be eliminated. though R, C, can be 


eliminated by changing the bias-supply means, it is not gener 


! 


- compensating combination ( Cy): Z4 
Relatve Output otnknk at J+ RE ‘ere ; 3) 


1+9,,ZF where Z)- impedance of Rid . 


=F: impedance of Rp Ce Clreutt + | 
Rr = Coupling Resi stor. | 
( Od thoul RiCy Circuits ae eg Rgt CRu+ 25) 
™ (Rit Z-) + Ral. 
with Rice heciinncssdss ai e19,, CRL+ze+Z.) Ra! ) 
ORES EP ey 


Relevenee: No. 2. 
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. ~. Fer Sparco outputs to be the SQme i ! 
fe 7 '7RE SMe his can be  rveduced te 
| 1+ Im=— | 


+he following cendibcns i 


Rey = ReCer (10) | 


And Cy: Fe 7g Ry 


These are the conditions for perfect compensation. 


| Phe graphs drawn indicate the validity of these conditions as 


requirements for compensation of R,C,. 


| The screen-grid impedance; 
| In most practical cases, the screen- 


| grid voltage is supplied through a resistor R, by-passed 


| g? 
| by a condenser Coe So an impedance is introduced which | 


affects the amplifier working in the same fashion as the coupl- 


| ing condenser. (C,), discussed above. As, in the case of C, 


the max. phase shift allowed is 2°at 60 c.p.s. and the neces- 


\sary condition for perfect compensation is: Rsg.Csg.>0-976- -- @. 


Rules to be observed in L.F. compensation: 
1) +he effects discussed above should be compen- 


sated individually and thoroughly for a single stage rather 


than for the whole system. 


| 2) +he coupling condenser effect and the screen 

| effect 

grid impedance, should be compensated in different stages. 

| i] 
‘So, in practic, these two effects are minimized by the introduc~ 


‘tion of proper bias-impedance. Afterwards, every group of five 
‘Stages has one stage with no bias impedance. In this stage the 


) effects of C, and the screen-grid impedance of all stages, are 


en —<——— =——=S=S=—== = = — — 2 ee + E- - 
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| oltimeaeod by means 5 of RG goubiwation of bandatea value. 
(This procedure of combination is effective until the total 
phase shift requiring correction is less than 2°°,) 

The L.F. compensation Spredi 4 with its parallel equivalent 
circuit is shown in diagram 36and 36, and the values of the 
Circuit elements required for best results, practically pos- 

Sible, are listed therein. 
The value of Ry = 10,000/.% indicated, gives a perfect L.F. 


_response up to as low as 20 c.p.S. 


Advantages of L.F. compensation circuit: 
i) motor-boating or L.F. oscillations are eliminated 


ii) the B-supply noise eliminated by its filtering action 


Values recommended for an 1851 - video stage: 


(Seeley - Kimball) 
R, = 25 000 (depending upon the video band width) 


oe 15 pf, Re= 150A. , RB = 2,500, Gye 25 pf (electrolytic) 


oud 
t 


After all these L.F. compensations are applied it is neces— 
sary to check the apparatus for its accuracy. So a square | 

| wave is applied to check for distortion. 

| The tilt of the horizontal part of the output is due to 
the phase change of, the fundamental frequency, as in "b" while 
| the variable gain characteristic produces the curvature of the 
output (in "C"). So if the output of the square wave applied 


to the apparatus has any of these tilts or curvatures, the 


circuit needs rechecking. 


| (Ret: Ls a Se 2 We Reviews. ) 
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Chapter IX.....@verall Considerations of Video 
Amplifiers | 


It is seen from the Transient “esponse Analysis in 
chapter V that the performance of an amplifier (video) increases 
&S the number of stages is increased. The maximum number of 
| tubes (or stages) that may be used is determined by the maxi- 
.mum frequency (aaa that is to be amplified. So in such cases 
the individual stage gain is not so important as the overall 
gain of the amplifier. But experience demonstrates that the 
fewer stages the better and preferably direct coupled. Once 
a phase shift error has crept in it is almost impossible to 
| balance it out because f(c) is linear and £(1/e) is curved 
and they can be matched only at one frequency. 

Vver-all response of the amplifier: In practice 
a television amplifier consists of a number of cascaded stages, 
_ and the overall gain (G) of such an amplifier is given as: 


G:G * Ga2x---.. *Gn(1) where G = overall gain 
G. Ga;-G= individual stage gains; n= no. of stages used; 


and AT (overall) = NCA +472 +--+ATY 2) 


where ATs, AT2,.-.. AT, are individual stage 
time delays 


(fhe gain increment, with number of stages is clearly shown 
| by the "transient response" curves for multi-stage amplifiers.) 
From the expressions (1) and (2) it is clear that if two 


stages with flat response but opposite time delays are used, 


————— + 
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>) Diagram 36. % Combined H-F-A L.F.- E qualisahon Creer | 


is Shunt Peaking Sea uchance 
cle : Small condensers to by pass H. Fs, 
Ricr = LF E quelisation Network. 
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the overall working of the amplifier is much improved and is 


better than two identical stages. this is generally utilised | 


in the practical design of a video amplifier. As the video | 


range is from 60 c.p.s. to 4 m.c.p.s., it is very difficult 
to keep the gain and phase characteristics constant or uni- 
form over the complete range. So to counteract this in prac-— 
tice, the first few stages are designed to have a high gain | 
and are maintained so until the signal level is well above 

the level of the noise generated by tubes andc oupling cir- 
cuits. the remaining stages are designed to give high fans 
ignoring the efficiency and these stages require less res- 


ponse compensation. 


Vombination of H.F. and L.F. compensation circuits: 


though the separate compensation circuits can be combined to 


give satisfactory performance in any way, care should be taken 


| 


in their combination. It should be observed while combining, 


that the H.F. compensation circuit does not affect the L.F. 


responses, otherwise, the circuit as a whole is of no practi- 


cal use. So the combination shown in the diagram is me deeds 
It clearly indicates that at L.F. the H.F. circuit is | 

just a resistive load, while at H.F., the L.F. compensation 

circuits do not operate at all. So the two circuits sre 


completely independent of each other. (L.F. circuits are 


| 
i] 


inoperative at H.F. as they are shunted by capacitances.) 


Sometimes small mica-capacitances (0-004 loo. osphh are used across 


the capacities used in the circuit. these help in ensuring 


a low impedance to higher video frequencies in case the capa- 
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cities in the circuit are large. "Sometimes Farce AGEPSLAR 


possess a certain amount of inductance so it is required to 


shunt the equalizing condenser in the plate circuit and also 


the bias and screen by-pass condensers. So the mica condensers 


are used. (In our present case, the shunt-peaking is used, 

as it is the most advantageous one and is popularly used. 

It is known that the series-peaking circuit has a greater 
and cegstant gain and lesser time delay variation than that 
for shunt-peaking circuit; but the shunt-peaking circuit 
gives amplification at frequencies higher than top frequency 


¢ 


) while the other one does not,) 


Vacuum tubes for Video Amplification: From the H.F. 


and L.F. considerations it is clear that the choise of vacu- 


mag 


um tubes for video amplification is a function of the trans- 
conductance (g,) of the tube and the capacity of the tube. 


The figure of merit of the tube is the ratio of transconduc- 


tance (Bn) to the capacity (c) .. Figure of merit = ee 


(this criterion should be used with due care as the tube capa 
city includes the wiring capacity. So the gain depends to a 


lesser extent on the tube capacity.) 
In the following table some of the tubeSgre listed with 


their figures of merit: 
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Beam—power tetrodes 


6L6 6.5, 0.9 6000 
6V6 Gooey Ce 45 4100 
OY6G 1 “625,715 25 7000 
2506 | **25 "6/5 8200 
807 Os7, 0.9 6000 
6AG7 |] 6.3, 0.65 7700 
Pentodes 
SABT/1 953 
6.3, @.45 
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LS51 "6.97 "0045 
12351 |'643 
P2952 °P615 
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Generally, the triodes are not used for video ampli- 
fieation beeause of their large total input eapaecitance required 


for a large gain. The Input eapacity C in the ease of t riodes 


is Os (Cyd. ground + Cgrid- plate) x Gain of the tube. 
So 6C5 is generally exeluded while eonsidering video amplifi- 
eation tubes. 

The rest of the tubes listed are good for video amplifica- 
tion. The tube R.C.A. 955 has a limited applieation as its 
eapaecity is quite high for high gain as in the ease of triodes, 
‘The last three tubes listed in the table are the specially 
‘developed television tubes and they have surpassed the ordin- 
ary vaeuum tubes (even R.C.A. 954 pentodes.) It is the best 
| among the ordinary vaeuum tubes used for television purposes.) 

The following table indicates the better performance of 
a specially developed television tube by eomparison with 6C6 


and 954. Use is made of 
G 2 = Rugm and f is so chosen 4 hat 
H-F > 


lar Ct f < £ 
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PIG: = im Zeke t L ‘ ee = Sm eS 
2% Cy Fmoy | 
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} Type ' ee 
= t Cp ' £ 
' ‘ 
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16,9 mpfr, a5. nOOt 2.5 
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954 11.0 uuf.' 8, 200'3.5 
? ’ 


1852 


t 
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t 
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21. Ouuf.' 1,400 '12.6 
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Ci= total eapaeity 
= eapacity from the last tables Sunk (Sppt represents the 


_Wiring capacity) 
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D - C Reinsertion 


A video signal when sent through a R - C coupled 
amplifier loses its DC component as the condenser prevents any 
D.C from passing. this D C component is the average value of 
the signal & represents for each scene the average background 
illumination. +he AC varies above and below this average 
value, depending upon whether they represent elements that 
are darker or brighter than the background illumination. So 
with D C fixed, the black or grey or white or any other color 
is always reproduced by the same illumination. So if DC is 
removed, there is no information as to the absolute value of 
the color. 

Finally, when the D C is present, the sync. and blanking 


Signals have the same fixed level. But in the absence of the 


D.C. these pulses assume various levels, each requiring a dif- 


ferent bias on the grid of the cathode ray tube in order to 


blank out the beam. 

A cathode ray tube has a definite characteristic curve 
and for a certain input voltage a definite amount of light 
appears on the screen. As all the blanking pulses are placed 
on the same level, the tube reacts to them in the same manner, 
throughout the entire reception of the signal so each color 


must produce the same illumination every time its correspon- 


ding voltage is applied to the C.R. tube. this is only pos- 


sible if all video-signals have the same reference level. So 


the D C components have the importance, 
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absolutely to have a D-C component present in the signal. Tle 


chief object behind the D-C re-insertion is to bring all the) 


pulses +o one common level. There are various methods of 


2 
DIN Re-inserbion 
te takes pia ce herve 


CTeleyision . - Sire pl ned- Kiver. ), 


The simplest circuit is shown. Here the final video- 


amplifier is operating at zero fixed bias with no signal 


applied to the grid. As soon as the signal arrives, the grid 


current flows, its amount being a function of the strength 
of the signal voltage. “he A-C voltage to be applied to the 


grid of this last video-amplifier should be of - ve phase 


in order to obtain a proper tve phase at the output. This 


circuit brings back all the pulses to a fixed level, theréby 
all the signals are lined up again and are then applied to 
the cathode ray tube. 

(2) D.C. Re-insertion with a Diode: 4+ consists of anad- 


ditional diode tube but the highly+ve voltage from the con- 


trol grid of the cathode ray tube is removed. “he signal, | 


re-inserting the D-C: 
(1) Video -Amplidier | Stgneal i D.c. form og atm 
BS 
x | 
lie cemsinvs Brilliancy 
CA-C. Contol. 


he, Wi) VE er ee ee i WV 
Nae ae Z Cay. re v " ti hee OL ¢ 
ee 2} ers OT Rel 


fy 


val “stomits + asic ae esos | eas 


{ 


Ab pe tired. 


7 i a 2. a f i 
: Rees ae Pw Neetel e acy 
Z Pe Fe > s ai ary : i 
ey q Bi wa CM 
: = @&y we, ones 
. ; ‘ hu 
yD ; : 
- ie & £ 
i 


- fie 


Brier a eal a 


Ejeet, 7 4 cde Oy Pi i 
ibe 
y « revit 7 4 bit) \, ‘gaa? i F ' 4 
" a09hty isité® ari eral Sword: et ‘Ssteorto tae fante sat . 
‘Feevte oer le bir abit bextt ores te: biaiissane at rert rons | a =) 
bing edt ,vevirre famgie etd yea moos aay sb #e 
dhenente ant 20 Hott onb® B anied . q 


eit ot betfoos ed of egatiiov oe 
| easy gy ~ to od ‘bivode solt nA 
e efit “duqtwe enti te seal ord net “ 
l yeeseds Lever next B OF” apie be f , 
ot betIngs nedd exe dus sites a8 atl Boar 


oe ae = ~ = 


ee 


“we 


At: ~ “ 
i od i 1s 
+h io aoe ad 
ee | pre ‘5 
» = ha eS te, On 
; 
ne, 
5 a 


—— 


until it reaches the dc restorer, composed of a condenser 


C a resistor R and the diode tube, has the A.C. form and | 


ane . 
has a positive phase as no further reversals take place be- 


fore the grid of the 


¢ Television Sim plittco - K iver.) || 


(3) Commercially used circuit: | It is a modified version 


| 
: 

of the diode circuit used in R.C.A. television sets. AS 
} 


seen the diode is placed merely across the portion of plate 


output of ty; obtained from the resistor Rae The condenser | 


Ce charged to the peak value of the pulses, discharges through 
1 mega. fy resistor. The effect of Ce charge is to place 


its stored voltage in series with the A C video signal, there- 


by necessary D C component is inserted in the signal. 
Ti (12352) 
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Chapter X....Findings and Conclusions 


| The maximum frequency that is prescribed for the 
present day televisionset is 4 m.c.p.s. The compensating 
eircuit for H.F. compensation is the shunt peaking circuit, 
in spite of the fact that the series-shunt serves the purpose 
better, theoretically at least. 


Kimball and Seeley have experimentally shown that the 


values of 
Kp= 0-85, Kk, = 0-30 serve the purpose better but the values 
ke = 4.0, ,-0-5 are the popularly used ones in present 
day design work. 


With these values of k andk the design equations 
R 15 


are; 1 - 
ane Ret ek we oro LO OGRE 


L-.F. Rol Cz = RC, , R, = 20 ne € at the Vocoestt f.) 


For Cathode Biasing : RFG= RiCi ; Cr = Gul Seca). 
The most popular tubes are tabulated below. These 
tubes have the largest figures of merit and largest output 


(gain) of all the tubes that are used for video amplification. 


Tube type Sn m nhs Amphification 
6AC7/1852 9000 6750 
1851 9000 6750 
i ~ eo =; OOUe: 5850 
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GAC.7/ 1851 tube 

With this tube, Kg!-o5 mega ohm, serves the 
purpose satisfactorily and C, = ociis chosen because of low 
frequency considerations. 

Then using the H.F. compensation 
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Chapter XI...Comprehensive Abstract of Thesis — 


This paper has pointed out the functioning of video 


amplifiers and their relation with other elements of a televission 


system. It is seen that the smooth working of a television 
system, depends upon the proper working of the video amplifiers 
ever the eomplete range (30 e.p.s.) to (4 m.e.p.s.). The main 
eonadtions that a video amplifier should fulfill are 

i) The frequency response should be eonstant over the entire 
range. 

ii) The time delay should be eonstant or zero over the usable 


frequency range. 


An uneompensated video stage generally does not satis- 


ty these requirements so some compensation eireuits are used. 
They help in reducing the timedelay variations and in keeping 
the gain constant over the entire frequency. 

The diseussion starts with an outline of the working 
of television and the proeess of scanning. The seanning is 
performed by means of a beam of electrons, the seanning pattern 
having any desired shape. This process of scanning is earried 
at both ends of the system, the transmitter and receiver, and 
for perfect reproduction these two patterns need be synchronous 


and identical with each other. In case of a flicker present in 
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> | the reproduction, interlaced scanning pattern helps in minimiz-. 


ing the disturbance in the reproduction. 
As the process of seanning is earried out an eleetrie- 
J | al signal is generated. It is called the camera signal. This 
signal sometimes requires to be fed with additional pulses, 
the blanking and syne pulses, in order to supply the camera 
signal with the necessary optical information of the picture, 
‘Generally these signals are applied to the camera signal during | 
the retrace period of the seanning beam. 
| ‘The camera signal together with blanking signal and syne. pulses 
form a picture signal, the so-called video signal. 
| The camera signal mentioned above consists of two compo- 


nents: 1) D.C. 2). ACs and they have two distinct 


performances toward the picture reproduction. The Yattexr 


gives the information regarding brightness variations of the 


| pieture from average value, while the former furnishes the 


baekground details. The control of brightness of the picture 
is a function of the D.C. component of the eamera signal, as 
is seen from the discussion. 

Generally the output signal of a television system 
is checked for distortion by comparison with the standard 
waveforms 1) Square Wave 
| 2) Ideal Saw-Tooth 
> | 3) Nen-Ideal Saw-Tooth 
But sometimes the output is non-periodie and as these are 
periodic waveforms, they cannot be used for comparison purpose. 


J In such cases Transient Response eriterion is used. The method, 
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> used by Bedford &fredenhall ib the most advantageous of the th 
ree discussed 
the wave-form distortions that are generally met with 
4 classified as follows: 
I)Distortions due to non-ideal phase & amplitude 
characteristics. 
2)Distortions due to presence of masking voltage, 
Cietewis noise.) 
3)Distorttons that are purposely introduced to im- 
prove the quality of the picture. 
Thefirst type of distortions are further classified ac 
ording to whether they are due to nonsideal amplitude character 


istic or due to both the characteristic(non=-ideal).The distortio 


due to non-ideal ampltude characteristic is known as "the Symmet 
rical distortion" & the other type " the Non-Symmétrical distortion." 
Both these distortions are accounted for by H.A.Wheeler on the basis o 
of the paired echoes. 

Of the tube noises,the Shot effect noise is the most 
troublesome.It is not as serious a matter in storage type tubes 
as in the non=storage tubes.In such tubes ,it ds reduced by the 

se of "Electron Multiplier tubes",.The electron multipliers iner 
ease the number of electrons,thereby the electron flow-therefore- 
the current-is made smooth.So the current fluctuations are very 
) much minimised.eAs the number of electrons is increased the signa 
to noise ratio is correspondingly increased,thereby the noise is 
reducedsThe noise(voltage) is given by: 
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So if the frequency is increased , the Shot effezt noise increas 
& it puts a restriction on the aa that should be used. 

It is clear from the video signal discusston that the lar 
the frequency range used ,the better is the reproduction.&o for 


a better reproduction f should be quite high,(Shot effect nois 


max 


should be considered in extending fre,,) 

The main object of the video amplifiers is to keep the ga 
& phase shift constant over the entire range.As the uncompensate 
stege is unable to satisfy these requirements some compensating 
circuits are used.0f the three compensating circuits discussed 
the series=shunt Sut serves the purpose best.At present, in 
spite of increased gain & smalltime-delay variations of the Seri 
Shunt circuit , shunt circuit is used as it makes possible ,wor 
beyond Pnaxutilised. 

The L.F.compensation is controlled by the RyOy,combinati 
These H.F.&L.F.compensation circuits function independently of 
eachother » 

From the overall considerationa@ it is found that large 
number of stages are sometimes necessary because of reduced gai 
per stage due to the bandwidth.(The number of stages to be used 


is a function o@ the f,,,to be amplified.)Besides if the two co 


max 
mpensating circuits are combined in the indicated ,the response 
is further improvede 
(The modern television tubes 
GAC VacescccenscseesFigure of merit 562, 
GABTeccceccecveee Figure of merit 385. 


GAG 7 eosccccccees Figure of merit 385. 
serve the purpose better than theolder type vacuum tubes.) 
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In the discussion of Video amplification account must be taken 


of the cicuits employed to connect two amplifiers separated from 
eachother.The universally applied circuits for this purpose are 
the Co-Axial cables.It consists of acentral conductor running th- 
rough the centre of the cylindrical sheath,which acts 4s the othbr 
condector o 
The quantities 1) Surge(Characteristic) impedance eT 


by the line to the voltages applied to it,ll)attenuation of the 


Signal,applied,by the losses in the conductors& insulation, and 


111)the time delay( phase-fréduency responce) due to reactive err- 
ect,best describe the cables.These guanties,in turn,are function 
of the Induction(L),Capacitance(C),Resistance(R),the sum of the 
inner and the outer conductor3;& the Conductance(G)3;all per unit 
length of the cable. 


(The surge impedance(Zo) is: Z on{ Rau ohms, 
G+jwC 


In case KR & Gare much smaller w.r.tojwL & jwC,then 
Z 2[ L_ ohms, 
cA 
Zois also obtained from Z, oa eo lages Sueno do is the in 


a 
side anemeter of the outer conductor,& dy is the diameter of the 


The atyonuabién Ais: A= 4.346 RAL ab per unit length. 
=0e001R C 


. “yo $2) 
& the time delay is: t=-JEG per tnit length, 
-~time required ti transmit energy from 


one end to the other of the line. 


From the expression for the time delay it is clear that it is q 


uite independent of the frequency( within wide limits).So the co 


axial cables are best suited for the video signal transmission,) 


( Reference -. No. Ari} 
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Iftahénlane is terminated in an impedance not equal to the 
surge impendane,reflections may occur at the terminal of the cable; 


& these reflections become serious if the cable length is an app 


reciable fraction of the wavelength.Such reflections give rise to 
"Ghost images".,in order,therefdre, to redtice these reflected imag- 
es the two impedances must be properly matched. 

In eet television transmission was demonstrated between -.. 
Washington and New-York(225 miles)using 20k.c. band over an ee 


wire line,In 1937, there was @ similar demonstration between Newa, 
York and Philadelphia using a 1 Mc. band over an experimental 
co-axial cable which was looped to provide a total circuit length 
of 180 miles. Many other tests and demonstrations have been 
carried out . 
In 1945 and 1946 , techniques for handling television picke 

ups and switching, paralleling in many respects the cme-thods use 
in the sound - progremme transmission field, were sufficiently 
advanced to be demonstrated on many occasions. Experimental telea: 

ision transmission over the coaxial by several broadcasters is y 

| | 
ow continuing on a regular schedule . In 1946 color television 5; ; 


as sent over the coaxial from New York to Washington and back. 


Recently,Boston to New-York television system was started, 


it uses four frequencies in the 3700 to 4200 band,.These frequencies 


are utilised with incoming & outgoing carrier frequencies,differ 
ing by 40m.c.at each repester to avoid crosstalke 
Between Boston &« New-York there were seven sub-stations 


used,each station having broad band horn antennas with metal foc 
En 
( Reference : Fea. Ree: Nov. 1947 , No. 4 ) 
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frequencies, one for regular channel and one for a standby 
_ Channel, signal separation being achieved by new types of fil-. 
) ter sections inserted in the wave guides. Hach repeater 
| station has four antennas, two facing the route towards New 
York and two facing the raute toward Boston. Each antenna 
has a mouth 10 ft. sq., horn length 10 ft., and a gain of 
10,000 or 40 db. So the relay operation is made possible under 
| all possible weather conditions, with a transmitter power of 
less than 1 watt. (Beam width of the horn antennas is only 
2 degrees). 
In between Boston and New York there are seven hill- 
top stations each having four repeaters, one for use and one 
for standby in either direction. Each of these repeaters, is 


a broad band amplifier capable of handling a bandwidth up to 


5 m.e. with a gain constant within o.1 db. over the entire 
10 moc. bandwidth, characteristic of the repeater. For the 


present, the frequency modulation has a total swing of 4 m.c. 


| So it is possible to run the high level amplifier stages near 


| 


their overload points, at max. output. 
The block diagram of the basic circuit mused for trans- 
| mitting terminals is shown below. 
65 m.c. anf.m. picture signal output of the fm. osci]- 


> lator limiter amplifier unit is fed into the balanced modulater 


along with a 5,865 m.c. local oscillator sigmal to obtain the de# 


> ‘Sired 5,950 moc.carrier signal.This is boosted 235 db.in level by 
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he micre-wave amplifier containing four type WE 402-A two gap wells 


ee amplifiertubes of the Samuel type,with the output of the 
last tube between 0.5 and 1.1 watts on a frequency of 5,950 meCe 
| the 35,865 mece local oscillator frequency is generated by the 
reflex Klystron of the Shepherd Pierce type.) 
The 3,930m.c. signal from the receiving antennae comes do 
a waveguide to a branching filter.( Y-Shaped)This filter acc- 
septs the correct signal & rejects the signal 4,200m.c.(4,130 in e 
our present case.), which is coming down the waveguide for stand, 
by channel. 
The correct 5,930 m.c. input signal reaches a balanced 


modulator.T-he oscillator signal is obtained fromother balanced 


modulator bg a 40 m.ecocrystal oscillator & by @ 35,905 m.ce oye ren 


oscillator and frequency stabilising circuit.So the result is 65 


mec. i-f input.This undergoes two stages of amplification in a 


nit at the end of the waveguide. 


From here the signal goes to the main i-f amplifier via 
& co-axial cable and thence to a balanced modulator that is fed 
by the 5,905 mec. micro-wave oscillator to obtain the desired 3, 70 
MeCo Output carrier frequency -just 40 m.c. higher than the inpu 
carrier frequency. 

The local micro-wave oscillator frequency is thus canc 
elled as an error source;peeause the 40 m.c. crystal oscillator 
offer frequency accuracy far better thanis heededs;the cummulativ 


frquency error in the relay system is zero 


At Boston receiving terminal the video frequency valué¢s 
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are as indicated in thee diagram.For this experiment,the sound 


\ 
|portions of the television progam are transmitted by the land 
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> | wires. 
| 
| As the time delay differences for different frequencies in 
| the band transmitten are cummulative for the seven relay stations, 


equalization of the delay was required.The final system has been 


a. equalized to within 50 milliwmicrosecs.for all frequencies in the 


|5 MeCse bandwidth handled. (this is very much less than the time 
of one pieture elements and is therefore not a serious cause of 


| pieture distortion). 
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